Abstract: A series of alkyl-and aryl-1,2,4-triazino [4,3-c]quinazolines (5a-h and 8a-h) were synthesized and characterized. The title compounds were evaluated for their in vivo bronchodilator activity on guinea pigs. All the test compounds exhibited good protection against histamine-induced bronchospasm. The structure-activity relationships based on the results obtained for these series were studied. Incorporation of an aryl ring with halo substitution to the theophylline bioisostere increases its potency. Among the compounds tested, 5b was found to be the most potent with 88.7% protection against histamine-induced bronchospasm compared to the standard compound aminophylline (87.8%).
INTRODUCTION
Bronchial asthma is a chronic debilitating disease; in severe forms, it can even be life-threatening. It is, in general characterized by both bronchoconstriction and airway inflammation which leads to a bronchial hyperresponsiveness [1] . Despite a narrow therapeutic index, methylxanthines are the drugs of choice in asthma therapy.
Currently new tricyclic heterocyclic compounds designed on the basis of xanthine skeleton are being investigated with hopes of discovering bronchodilators with a wider margin of safety. While reviewing the recent perspectives in the design of antiasthmatic agents [2] , we observed that different angularly fused heterocyclic ring systems like imidazoquinolines [3] , imidazonaphthyridines [4] , triazolothienopyrimidines [5] , benzimidazoloquinazolines [6] , imidazoquinazolines [7] , benzimidazolopyridopyrimidines [8] , imidazothienopyrimidines [9] and triazinoquinazolines [10] are potentially useful compounds. Previous studies with respect to xanthine derivatives suggest that an increase in the lipophilicity of the xanthine derivatives enhances bronchodilatory activity, *Address correspondence to this author at the Case Western Reserve University, School of Medicine -WG48, 10900 Euclid Avenue, Cleveland, OH 44106, USA; Tel: 216-368-0912; Fax: 216-368-6560; E-mail: komburajan@yahoo.com; komburajan@case.edu irrespective of its side effect profile [11] . Based on these observations, a hypothetical model has been proposed ( Fig.  1) with the following broad objectives: to develop xanthinebased but non-xanthine, new fused heterocycles, capable of exerting bronchodilatory effects similar to theophylline, to increase the potency and to minimize the undesirable CNS and cardiovascular effects.
To achieve these objectives, we tried synthesizing a novel series of heterofused quinazolines and tested for their bronchodilatory activity. Hence we are herewith reporting the synthesis of a set of novel 6-alkyl-1,2,4-triazino [4,3-c] quinazolines and 6-aryl-1,2,4-triazino [4,3-c] quinazolines as potential bronchodilators.
MATERIAL AND METHODS

General Methods
Melting points were determined in open capillaries on a Thermonik melting point apparatus (Mumbai, India) and were uncorrected. IR spectra (KBr) ( max; cm -1 ) were recorded on a Perkin Elmer spectrophotometer (577 model). 1 H-NMR spectra were recorded on Bruker WM-400 spectrometer (in ppm) (Bruker, Flawil, Switzerland) using TMS as internal standard and mass spectra (EI-MS) on Jeol D-300 spectrometer at 70 eV. Elemental analyses were performed on Carlo-Erba 1108 elemental analyser (Heraeus, Hanau, Germany). Silica gel plates (Merck, Whitehouse station, NJ) were used to monitor the progress of the reaction, using chloroform-methanol as the mobile phase. All chemicals and reagents used in the synthesis were obtained from Sigma (Sigma-Aldrich, St. Louis MO), Lancaster (Alfa Aesar, Ward Hill, MA) or Spectrochem Pvt. Ltd. (Mumbai, India) and were used without further purification. The starting material, 2-alkyl-and 2-aryl-3,1-benzoxazin-4(3H)-ones (1a-h) were synthesized using known procedures [12, 13] . 
6-Bromo-2-methyl-4-oxo-3(4H)-quinazolineacetic acid (2b)
Yield
2-Ethyl-4-oxo-3(4H))-quinazolineacetic acid (2e)
Synthesis of 2-Alkyl-4-Oxo-3(4H)-Quinazolineacetic Acid Methyl Esters (3a-h)
Methanol (20 ml) was added to 2-alkyl-4-oxo-3(4H)-quinazoline acetic acid (2a-h; 0.01 mol) and cooled below 20 °C. Acetyl chloride (1.4 ml) was added to this solution drop by drop with constant shaking. The solution was heated under reflux on a water bath for one hour. Then the solution was concentrated in vacuo to half of its volume. When the hydrochloride salt began to separate, the mixture was poured onto 50 ml of crushed ice and basified with aqueous ammonia. The product was removed by two extractions with chloroform. Evaporation of the combined extracts in vacuum yielded 3a-h. This product was recrystallized with benzene/hexane (2:1 v/v) to yield 50% of colorless crystalline product. The purity of the compounds was confirmed by TLC using chloroform/methanol (9:1 v/v) as the mobile phase. 
2-Methyl-4-oxo-3(4H)-quinazolineacetic acid methyl ester (3a)
Synthesis of 2-Alkyl-4-Thioxo-3(4H)-Quinazolineacetic Acid Methyl Esters (4a-h)
Phosphorous pentasulphide (0.025 mol) was added to 2-alkyl-4-oxo-3(4H)-quinazolineacetic acid methyl ester (3a-h; 0.01 mol) in 1,4-dioxane (20 ml) and the reaction mixture was heated under reflux for 18-24 h. Excess solvent was distilled off under reduced pressure. The reaction mixture, on elution (column chromatography) with benzene, at first gave a resinous, obnoxious red-colored liquid. Further, the product was eluted by gradually increasing the polarity of the solvent system to benzene/chloroform/methanol (25:25:1 v/v). The product was recrystallized from chloroform/benzene mixture (1:1 v/v). The TLCs were recorded using chloroform/methanol (9:1 v/v) as a mobile phase. Hydrazine hydrate (99%; 0.02 mol) was added to methyl 2-alkyl-4-thioxo-3(4H)-quinazolineacetic acid methyl ester (4a-h; 0.01 mol) in methanol (20 ml), and heated under reflux for 2-3 h. The progress of reaction was monitored by using a lead acetate paper, which turns black and also with TLC using chloroform/methanol (88:12 v/v) as a mobile phase. The mixture was cooled and the precipitated product was filtered off, washed with a little cold ethanol, dried, and recrystallized from ethanol (95%). Using the above procedure, eight 6-alkyl-3-oxo-3,4-dihydro-2H- [1, 2, 4] triazino [4,3-c] quinazolines (5a-h) were synthesized and characterized. -3-oxo-3,4-dihydro-2H-[1,2,4 
2-Methyl-4-thioxo-3(4H)-quinazolineacetic acid methyl ester (4a)
6-Methyl
Synthesis of 2-Aryl-4-Oxo-3(4H)-Quinazolineacetic Acid Hydrazides (7a-h)
Thionyl chloride (5 ml) was added to 2-aryl-4-oxo-3(4H)-quinazolineacetic acid (2i-p; 0.01 mol), and heated under reflux on a water bath for 1 h. The excess thionyl chloride was removed under reduced pressure. Without further purification, the obtained acidchloride (6a-h) was added to dry pyridine (10 ml) and cooled (0 °C) using a freezing mixture. To this solution, hydrazine hydrate (99%) (0.025 mol) was added at once with vigorous stirring. The mixture was stirred for one hour and poured onto crushed ice with continuous stirring. The obtained product was filtered-off, washed with water, dried and recrystallized from ethanol (95%) to yield crystalline solid. Following the above procedure, eight acid hydrazides (7a-h) were synthesized. For TLC, chloroform/ethylacetate (1:1 v/v) was used as mobile phase. 
2-Phenyl-4-oxo-3(4H)-quinazolineacetic acid hydrazide (7a) Yield: 2.8 g (96%
Synthesis of 6-Aryl-3-Oxo-3,4-Dihydro-2H-[1,2,4]Triazino [4,3-c]Quinazolines (8a-h)
On an oil bath, 2-aryl-4-oxo-3(4H)-quinazolineacetic acid hydrazide (7a-h; 0.01 mol) was fused at 240-250 °C for one hour. The obtained product was recrystallized from an ethanol (95%)/chloroform mixture (40:10 v/v) to yield a pure product. 2-methoxyphenyl)-3-oxo-3,4-dihydro-2H-[1,2,4 6-(3-methoxyphenyl)-3-oxo-3,4-dihydro-2H-[1,2,4 Nitrophenyl)-3-oxo-3,4-dihydro-2H-[1,2,4 
6-(
6-(4-
Pharmacology
General Methods
Heartly guinea pigs of either sex (7-8 weeks old, 250-300g) were obtained from National Institute of Nutrition (Hyderabad, India), and housed in wire-mesh cages in a restricted access room, under constant conditions (23 ± 2 °C, 12 h light) for 3-4 days before the experiments. The animals were fed standard lab pallets (Hindustan Lever Ltd., Mumbai) and purified water ad libitum. Prior to the studies, the animals were fasted for 24 h (i.e., they were deprived of food but maintained on purified water). All the animal experiments were carried out according to internationally valid guidelines, with approval from the 'Institutional Animal Ethics Committee' of the university.
Bronchodilator Activity: Protection Against HistamineInduced Bronchospasm on Conscious Guinea Pigs (In Vivo Model)
The bronchodilator activity was carried out for all the title compounds by in vivo method. For in vivo activity, a histamine chamber method [20] was used. Aminophylline was used as standard bronchodilator.
A modification of the technique of van Arman et al, was used. A group of five albino guinea pigs of either sex (250-300 g) were fasted for 24 h. The test compounds were administered intraperitoneally at a dose of 50 μM/kilo body weight (kbw) and challenged with a histamine aerosol (0.2% aqueous solution of histamine acid phosphate in a Vaponephrin Pocket Nebulizer, Inco Instruments, Ambala, India) sprayed into a closed transparent cage. The respiratory status, reflecting the increasing degree of bronchoconstriction, was recorded. The observations were made for 30 minutes. The time of the onset of convulsions was recorded. Animals remaining stable (appearing normal, without increased respiratory rate and convulsions) for more than 6 minutes were considered protected against histamineinduced bronchospasm. An intraperitoneal injection of chlorpheneramine maleate at a dose of 25 mg/kbw was given for the recovery of the test animals. Aminophylline (50 μM/kbw) was used as a standard bronchodilator for comparison. The IC 50 values have been expressed in terms of percentage protection ( Table 1) .
RESULTS AND DISCUSSIONS
Chemistry
A literature survey revealed different procedures for the construction of 1,2,4-triazinoquinazolines, using thermal cyclizations [21] , cyclocondensation [22] , dehydro cyclization [23] and some different synthetic methodologies [24, 25] . The synthesis of 6-alkyl-1,2,4-triazino [4,3-c] quinazolines 5a-h has been effected as depicted in (Fig. 2) and that of 6-aryl-1,2,4-triazino [4,3-c] quinazolines 8a-h in (Fig. 3) . 1,2,4-triazino [4,3-c] quinazolines were synthesized by condensing benzoxazinones 1a-h with glycine in presence of 1-methoxy-2-(2-methoxyethoxy)ethane or aqueous pyridine to give substituted quinazolineacetic acids 2a-h. The IR spectra of Compound 2 showed characterisitic broad carboxylic acid peak at around 3410 cm -1 . The incorporation of glycine was further confirmed by the NMR spectra with a peak at 4.6, corresponding to CH2-C=O group and by mass spectra.
Upon confirmation of Compound 2 spectral data, they were converted to their corresponding esters 3a-h. Compound 3 were confirmed by the disappearance of the broad carboxylic acid peak in the IR spectra and by appearance of a methyl group as a singlet at 1.7 ppm in 1 H NMR spetra. The mass spectra showed the molecular ion peak. Compound 3, by heating under reflux in phosphorous pentasulphide were converted to 4a-h their thioxo derivative, confirmed by the spectral data. Upon cyclization with hydrazine hydrate, compound 4 yielded compound 5a-h ranging from 65 to 69%. In the IR spectrum, the disappearance of C=S peak in compound 4a-h showed the completion of the reaction to give compound 5a-h.
Alternatively 2 were converted to their corresponding acid chlorides 6 in presence of thionyl chloride. Acid chloride 6, without further purificaition, on treatment with hydrazine hydrate gave the hydrazides 7a-h. The hydrazides showed a characteristic multiplet at 4.7 ppm in 1 H NMR spectra. Compound 7, in turn cyclized in ethanol gave 6-aryl-1,2,4-triazino [4,3-c] quinazolines 8a-h. The yields were 58-85%. Thus the present route, being advantageous in simple reaction conditions and easy work-up procedures, has resulted in improved yields.
The title compounds 5 and 8 showed a peak at around 3480 cm -1 as a broad weak signal corresponding to the tautomeric carbonyl amido group in their IR spectra. At around 3200-3300 cm -1 a peak appeard for secondary amino group and at 1650 cm -1 a peak appeard for amide carbonyl group. This further revealed the formation of the expected product. The 1 H NMR spectrum showed a singlet at 4.86 ppm corresponding to methylene protons at C-4. A doublet of doublet appeared at 7.78-7.82 ppm corresponding to the proton at C-9. Also, two doublets appeared at 7.53-7.56 ppm and 8.36 ppm, corresponding to two protons at C-8 and C-11 respectively for unsubstituted triazinoquinazolines. The NH proton could be recorded below 9 ppm. In CMR spectrum, characteristic peaks were observed to due ketoenol tautomerism of -COCH 2 -group. The signal of the tertiary carbon of HO-C(NH)=CH-appeared at 147 ppm and of secondary carbon appeared at 77 ppm.
Though the mass spectrum [EI-MS] did not show a molcular ion peak (M + ) the fragmentation pattern is characteristic to its structure. The loss of carbon suboxide (C 2 O) was found to be a common path in triazino [4,3-c] quinazolines. The fragmentation pattern of 10-bromo-6-methyl-3-oxo-3,4-dihydro-2H- [1, 2, 4] triazino [4,3-c] quinazoline (5a) is explained. The molecular ion of compound 5a was recorded at m/z 307 with a relative abundance of 1%. On losing carbon In Vivo) of 6-Alkyl/Aryl-3-Oxo-3,4-Dihydro-2H-[1,2,4]Triazino[4,3-c]Quinazolines (5a-h Sixteen compounds of triazino-fused quinazolines containing both alkyl and aryl substitutions with halo substitutions on the quinazoline ring were evaluated for bronchodilator activity at the dose level of 50 μM/kbw based on the reported methods [20] . Most of the compounds were found to exhibit bronchodilator activity in guinea pig (in vivo) models. Percentage protection data showed that all the test com- pounds of series have shown protection in the range of 31-89%.
To find out the statistical significance between data, a one-way ANOVA (Dunnett's test) was performed. The compounds 8e and 8h were found to be inactive. Structure activity relationship (SAR) studies indicated that the alkyl and aryl substitutions at 6 th position of triazino [4,3-c] quinazolines and substituents at 8 th and 10 th position of triazinoquinazoline ring found to exert varied biological activity. Among the 6-aryl-triazino [4,3-c] quinazolines, compounds 8a, c and g (79.48, 77.34 and 78.81% protection respectively) were found to be comparably potent to the standard (aminophylline). Among the 6-alkyl-triazino [4,3-c] quinazolines, 6-ethyl derivatives were less potent than their corresponding methyl analogues. 8, 10-halo substitution increased their activity levels compared to unsubstituted compounds, and found to be equipotent or more potent than aminophylline.
All the test compounds have exhibited bronchodilatory activity in in vivo evaluation and most of the compounds were found to be equipotent when compared with the reference compound. The design of the title compounds, as indicated, was done on the basis of xanthine skeleton. Although lacking a xanthine nucleus in their structures, these compounds exhibited bronchodilatory effects similar to xanthine derivatives. The results of SAR studies show identical features in both the series of the title compounds. The presence of electron withdrawing groups enhanced the potency, in general. Hence, bromo-substituted compounds were the most potent in alkyl series and a nitro substitution on phenyl ring seems to increase the activity. This reveals that the incorporation of an aryl ring with halo substitution, to the theophylline bioisostere increases its potency.
CONCLUSION
In conclusion, we have designed and synthesized a set of novel 6-alkyl/aryl triazino [4,3-c] quinazolines as possible bronchodilators. Although they lack a xanthine nucleus in their structure, the quinazolines exhibited bronchodilatory effects similar to xanthine derivatives. All the test compounds exhibited bronchodilatory activity in in vivo evaluation. Further studies are in progress to determine the exact mechanism of these molecules, and to explore other possible isosteres.
